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f          :   Frequency 
0f    
     :  Center frequency 
Q        :   Quality factor 
SIR       :   Step impedance filter 
MMIC    :   Monolithic microwave integrated circuit 
MIM     :    Metal-Insulator-Metal 
 
0Z        :   Characteristic Impedance 
0eZ        :   Even mode impedance 
o0Z        :   Odd mode impedance 
Y        :   Characteristic admittance  
Θ        :   Electrical length 
)( jiSij =   :   Reflection coefficient 
)( jiSij ≠   :   Transmission coefficient 
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Bandpass filters are widely used in microwave system . And 
miniaturized bandpass filters are required to reduc the cost of a 
wireless communication system. Therefore, many prototypes have 
been studied to meet this requirement. The conventional comb-line 
filter is one of the so many types of proposed size-reduced filters. In 
this thesis, we propose a modified comb-line filter using a 
combination of end shorted parallel coupled lines and lumped 
capacitors. Using the above structure, the electrical length of the 
parallel coupled lines in the modified comb-line filter, which 
determines the size of a comb-line filter, can be reduced to even a few 
degrees, resulting in a much smaller circuit area. Inter-stage 
connecting lines have been added to connect the neighboring 
resonators for the suppression of unwanted coupling. The designed 
comb-line filter also shows a wide upper stopband. Design equations 
and method will be fully explained in this thesis. Measured results of a 
fabricated filter centered at 400 MHz show good agreement with the 













Chapter 1 Introduction 
 
Compact microwave bandpass filters are intensely requi d in 
mobile communication systems. This necessity has been attracting 
great attention in microwave community and many innovative filter 
prototypes have already been proposed. One intensely tudied 
miniaturized type is step impedance filters (SIR), among which the 
quarter-wavelength type SIR is the most attractive. [1] Slow-wave 
resonator filter [2] represents another approach in reducing the size of 
band-pass filters by making use of the slow-wave eff ct in periodic 
structures. Each of the above structures can miniaturize a band-pass 
filter to some extent, but still these filters take up a pretty large circuit 
area, especially at lower microwave frequency band.  
 
In this thesis we introduce a modified comb-line filter using end 
shorted coupled lines and lumped capacitors. The electrical length of 
the parallel coupled lines is just a few degrees, making the total size of 
the proposed filter very small even at a low frequency band. The 
spurious passband, an annoying disadvantage of many microstrip 
filters, has also been brought to well control using the proposed 









1.1 An introduction to Comb-line filters 
 
The conventional comb-line filter will be briefly introduced in this 
section, as it will be compared with the proposed modified one in 
many ways in this paper [3]. Shown in Fig. 1.1 is a tr ditional 
comb-line bandpass filter in stripline form. The resonators consist of 
line elements which are shorted-circuited at one end, with a lumped 
capacitance sjC  between the other end of each resonator line element 
and ground. In this figure, Line 1 to n, along with their associated 
lumped capacitances 1
sC  to n
sC comprise resonators, while line 0 to 
n+1 are not resonators but simply part of impedance-transforming 
sections at the ends. Coupling between resonators is achieved in this 
type of filter by way of the fringing fields between resonators lines. 
With the lumped capacitors, the resonators lines will be less that a 
quarter of wavelength at resonance. If the capacitors were not present, 
the resonator lines would be a full quarter-wavelength long at 
resonance and the structure would have no pass band at all. For the 
reasons above, it is usually desirable to make the capacitances C in 
this type of filter sufficiently large that the resonator lines will be 0 / 8λ  
or less, long at resonance. Besides having efficient coupling between 
resonators, the resulting filter will be quite small.  
 
One disadvantage of the microstrip parallel coupled filter is that the 
first spurious pass-band of this type of filter appears at twice of the 
basic pass-band frequency (20f ). This is because the even-mode 
phase velocity is always slower than that of the odd mode because of 
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the inhomogeneous medium of microstrip structure. The unequal 
modal phase velocities at 20f  cause the first spurious pass-band. As 
for comb-line filters, the second pass band occurs when the resonator 
line elements are somewhat over a half-wavelength long, so if the 
resonator line elements are 0 / 8λ  long at the primary pass band, the 
second pass band will be centered at somewhat over f ur times the 
frequency of the center of the first pass band. If the resonator line 
elements are made to be less than 0 / 8λ  long at the primary pass 
band, the second pass band will be even further remov d. Thus, 
comb-line filters also lend themselves to achieving very broad stop 
bands above their primary pass bands.  
 
θ
   





1.2 Research Contents 
 
Chapter 1 depicts the background and purpose of this work and 
briefly introduces the outline of the thesis. 
 
Chapter2 focuses on the miniaturization of quarter-wavelength 
transmission line. The theoretical analysis, circuit design equations are 
presented in this chapter. 
 
Chapter 3 introduces the design theory of the bandpss filters based 
on a generalized bandpass filter structure. The theoretical analysis and 
detailed design method are explained here, together with the simulated 
results through Advanced Design System (ADS). 
 
Chapter 4 shows the whole fabrication process, from HFSS 
simulation to measurement. Analyses of the measured results also take 
up some space here. The reasons for the differences between measured 
and simulated results are explained. 
 
Chapter 5 is the conclusion of this research work, followed by the 









Chapter 2 Miniaturization of the Quarter-wavelength 
Transmission Line 
 
2.1 Introduction   
 
The quarter-wavelength transmission line has been playing a very 
important role in many microwave circuits, functioning as impedance 
transformers, phase inverters and so on. However, in many cases, this 
quarter-wavelength is too large to be compatible with other parts of 
microwave systems. This problem has become even severe in 
monolithic microwave integrated circuit (MMIC), since a large circuit 
area always results in a high chip cost. Hirota proposed a 
size-reduction method which utilizes combinations of short 
high-impedance transmission lines and shunt lumped capacitors [4], as 
shown in Fig.2.1. With the help of lumped capacitors, a λ/4 
transmission line can be made to be as short as λ/12. Therefore, this 
size-reduction method has been employed in various kinds of 
microwave circuits where quarter-wavelength transmis ion line exists. 
However, an obvious disadvantage of this method is that the 
impedance of the shortened transmission line '0Z  increases rapidly as 
its electrical length decreases. Usually the length of the shortened 
transmission line could be no smaller than λ/12, because the large 
impedance (over 100 Ohm) inevitably results in a very thin microstrip 







Fig. 2.1 Size-reduced quarter-wavelength transmission line using 
shortened transmission line and lumped capacitors. 
 
Another approach to miniaturize the quarter-wavelength 
transmission line is to use lumped inductors and capa itors, as shown 
in Fig.2.2. The lumped elements do take up very small space. 
However, the design of lumped-element circuits must be somewhat 
empirical, and it needs precise inductor models based on careful 
measurements of test elements. This inductor can be realized with 
air-wound coils, but such coils must be space-wound with gaps 
between turns, resulting in wide variations in their inductance value 
[5]. Spiral inductors represent another possible compromise, although 
their quality factor (Q) is often sacrificed to adequate inductance. 
Equivalent lumped-element models for spiral inductors have been 
obtained from two-port S-parameter measurements. There models do 
not lend themselves readily to design applications because their 
elements are difficult to evaluate in advance [6], [7], [8]. Gupta 
presented a quasi-lumped-element branch-line coupler, which uses 
lumped capacitors and short-circuited transmission lines as inductors, 
but the resulting design is inconvenient to fabricate [9].  
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Instead of continuing the search for applicable inductors, we 
propose in this paper a method to replace the inductor shown in 
Fig.2.2, by using a combination of end shorted coupled lines and 
lumped capacitors. With this method, the quarter-wavelength 
transmission line can be made to be as short as a few degrees, 
resulting in a very compact circuit. The impact relat d to the 
imprecise inductor value has been eliminated since only lumped 
inductors are utilized.  
 
2.2 Size-reducing method of the λ/4 transmission line 
 
The size-reduction of quarter-wavelength transmission line is done 
here through a series of equivalent circuit transformation. As 
mentioned above, the quarter-wavelength transmission line can be 
equated to a combination of lumped inductor and capa itors, as 
illustrated in Fig.2.2 (a) and (b). The value of the capacitors is needed 
for further study, and it can be obtained by comparing the ABCD 










=   
   




1 0 1 01
1 10 1
j LA B
j C j CC D
ω
ω ω
      
=      
     








C L j L
j L j C j C L C L
ω ω
ω ω ω ω
 −
=  + − − 
          (2.2) 
 
8 







=                                 (2.3) 
where 0Z is the characteristic impedance of the quarter-wavelength 









Fig. 2.2 The quarter-wave transmission line: (a) distributed and (b) 
equivalent lumped elements. 
 
Now to replace the lumped inductor, we first add two artificial LC 
resonances consisting of 0C  and 0L  at each side of the lumped 
inductor, as shown in Fig. 2.3. The ABCD matrix of the dotted PI 







Fig. 2.3 Equivalent circuit of a λ/4 transmission line with artificial 
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                 (2.4) 
where  
0X = shunt impedance in the PI network; 
LX = series impedance in the PI network. 
 
Before moving forward with our theory, let’s firstly look at 
Fig.2.4, where an end-shorted coupled line pair and its equivalent PI 
network are offered. (A180°  phase shift does exist between (a) and 
(b), but will be proved to be ignorable in designing the proposed filter) 
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where 
0eZ , 0oZ = even and odd mode impedances of the end shorted coupled 
lines, respectively 
θ = electrical length of the miniaturized transmission line. 
Port 1 Port 1'
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are satisfied, we can see that the PI network in the dotted box in 
Fig.2.3 would be equal to the Pi network shown in Fig. 2.4 (b). And 
by simplifying (2.6.1) and (2.6.2) we get :   
  











                       (2.7.2) 
 
Based on (2.7.1) and (2.7.2), we can replace the circuits in the 
dotted box in Fig.2.3 with the end shorted coupled lines in Fig. 2.4 
(b). The resultant circuit is illustrated in Fig.2.5. From (2.7.1), the 













Fig. 2.5 The miniaturized quarter-wavelength line with end shorted 
coupled lines and lumped capacitors. 
 
In the following simulation and fabrication, we alwys use one 
capacitor C that is equal to the sum of 0C  and 1C , and we get the 
simplified circuit of the miniaturized quarter-wavelength 
transmission line, as expressed in Fig. 2.6. Equation (9) will be used 
in this paper to calculate the capacitor C. 
 




   
tane
C C C
Z Zω ω θ
= +
= +                   (2.9) 
 
Where 0Z  is the characteristic impedance of the quarter-wavelength 







Fig.2.6 Miniaturized quarter-wavelength transmission line with the 
lumped capacitor C. 









 as the characteristic impedance of the 
end shorted coupled lines, then with (2.7.2) we get: 
 
          ' cotLZ X θ=                            (2.10) 
From (2.1) and (2.2), we can get 0LX Z= , so (2.10) can be 
re-expressed as: 

















                         (2.11) 
The following table lists a set of data calculated hrough (2.9) and 
(2.11) for the interested readers. In the table, a qu rter-wavelength 
transmission line working has been miniaturized to different length 
from 1 degree to 12 degree. By fixing 0eZ  at 70 Ohm, we can get 
0oZ .The value of C is calculated supposing the angular frequency ω  
is 1 GHz. 
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         Table 2.1 A set of design data at 1 GHz for reference. 
  
θ (Deg.) 'Z ( Ω ) 0eZ  (Ω ) 0oZ  (Ω ) C (pF) 
   1 2864.50 70.00 66.71 133.50 
   2 1431.81 70.00 63.77 68.30 
   3 954.06 70.00 61.04 46.59 
4 715.03 70.00 58.50   32.53 
5 571.50 70.00 56.23   29.18 
   7 407.22 70.00 
0 
52.09   21.71 
8  355.77 70.00 50.23   19.37 
9 315.69 70.00 48.49   19.54 
10 283.56 70.00 46.86   16.08 
11 257.23 70.00 45.33   14.88 











The filter to be studied here is based on a generaliz d bandpass 
filter model provided by [11], as shown in Fig.3.1, where 
B (ω)n (n=1~N) represents resonant circuits and J0n  (n=1~N) 
admittance inverters. An idealized admittance inverter operates like a 
quarter-wavelength line of characteristic admittance J at all 
frequencies. Thus, if an admittancebY  is attached at one end, the 







=                         (3.1) 
 
Fig. 3.1 A generalized, bandpass filter circuit using admittance 
inverters. 
There are numerous circuits that operate as inverters. One of the 
simplest forms among these inverters is a quarter-wavelength 
transmission line. The admittance inverter parameter of the 
quarter-wavelength transmission line inverter will be 0J Y= , where 
0Y is the characteristic admittance of the transmission line. Although 
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the inverter properties are relatively narrow-band i  nature, this 
quarter-wavelength line can be used without any problem as an 
admittance inverter in our proposed narrow band filters.  
 
3.2 Size-reduced Bandpass filter 
    We here employ the above discussed quarter-wavelength 
transmission line inverters in our proposed filter. Based on the 
bandpass filter model in Fig.3.1, a one-stage bandpss filter is 
proposed in Fig.3.2, where two LC resonant circuits functions as1B (ω)  
and 2B (ω) . To get a compact filter, the λ/4 transmission line 
admittance inverter is miniaturized using the method discussed above, 
resulting in the circuit in Fig.3.2 (b). Here we should mention that the 
two inductors in the resonant circuits at each side of the admittance 
inverter in Fig. 3.2 have been replaced by the coupled lines as 
discussed in last chapter. The two LC circuits are hidden but still 
functions as resonators, which has reduced the number of needed 
lumped elements in the proposed filter. Therefore, the circuit in 








  Fig. 3.2 A one-stage bandpass filter based on the gen ralized filter 
model (a) and its miniaturized form (b). 
 
Fig.3.3 gives the ADS model of the proposed size-reduc d one- and 
two-stage filters. A three-stage filter can be realized simply by 
connecting one more stage and is therefore omitted here. Two- and 
three-stage filters certainly have sharper skirt characteristics, but in 
fabrication the use of many stages usually leads to a relatively larger 
insertion loss. Therefore, a compromise sometimes should be made 
between sharp skirt characteristics and small insertion loss. The 
simulation results of the 1-, 2- and 3-stage of the proposed bandpass 
filters have been given Fig.3.4 to confirm the discussion in this 
paragraph, where the electrical length of the coupled lines is chosen to 





                     
(b) 
Fig. 3.3 Model of the proposed one-and two-stage bandp ss filter. 
































Fig.3.4 Simulation results of 1, 2 and 3-stage filters for comparison 
of skirt characteristics: (a) Passband; (b) return loss. 
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Beside insertion loss, bandwidth is another important parameter of 
the bandpass filters. There are mainly two factors affecting the 
bandwidth of the proposed bandpass filter: the electrical length and 
coupling coefficient of the end shorted coupled lines. Firstly, the 
bandwidth varies as the electrical length of the coupled lines changes. 
The longer the length of the coupled lines, the larger the bandwidth is. 
In Fig.3.5, the quarter-wavelength transmission line has been 
miniaturized to 1, 2 and 3 degrees and the simulation results of ADS 
fully proved the correctness of the above discussion. When we 
miniaturize the quarter-wavelength transmission line, we can choose a 
proper electrical length according to the bandwidth required. 
 

















                          (a) 
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                           (b) 
 
Fig. 3.5 Different bandwidth according to different electrical length 
of the coupled lines: (a) Passband; (b) Return loss.
 
Another factor that affects the bandwidth of miniaturized filter is 
the coupling coefficient of the coupled lines. To pr ve this point, let’s 
first check the phase variation of the 21S  parameter of the 









−= −                      (3.2) 
Where 








y y jY j jBθ θ−= = − − +  
0 0
21 12 cot2
o eY Yy y j θ−= = −  





0oY ， 0eY  are the odd and even mode admittance of the coupled 
lines respectively. 
 
In equation (3.2), the minus value in the parentheses shows the 
180° phase difference between the original quarter-wavelength 
transmission line and its equivalent miniaturized circuit, which was 
introduced when we equated the PI network to the end shorted 
coupled lines. 11y , 22y , 21y , 12y are the y-parameters of the equivalent 
circuit of the quarter-wavelength transmission line. At resonance 
frequency, equation (3.3) is satisfied when the characteristic 
admittance 0eY of the end shorted coupled lines is equal to that of the 
shunt capacitance. With a straightforward analytical m nipulation, the 
equation for the phase of 21S can be derived as 




S x xπ − −= + +                  (3.4) 







θθ= − −                  (3.5) 








Near the center frequency,  1x  2x  are expressed by cotθ−  
andcotθ , respectively, using (3.3). The phase of 21S  is 90
°− at the 
resonance frequency. If the frequency deviates from the center 
frequency, the relation 0 0 coteC Yω θ=  can not be satisfied and the 
phase of 21S  starts to deviate from90
°− . At this point, the most 
important item is to decrease the frequency sensitivity of the 
equivalent / 4λ  transmission line. If 0eY  is small, the frequency 
sensitivity decreases because of the very small shunt value of 0C ω  











                        (3.7) 










                       (3.8) 
In (3.8), when the coupling coefficient is nearly unity, 0eY  is very 
small. The 90° phase shift near the center frequency is independent of 
the coupling coefficient K. The larger the coupling coefficient K, the 
broader the bandwidth of the bandpass filter, as illu trated by Fig. 3.6, 
where the electrical length of the coupled lines is chosen as 7 º and 































































Fig.3.6 Relation between the bandwidth and coupling coefficient of 
the coupled lines: (a) Passband and (b) Return loss. 
 
The proposed miniaturized filter is a kind of comb-line filter, but is 
different from the traditional one mentioned in theintroduction part of 
this paper. Before concluding the design theory of the bandpass filter, 
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a comparison is made here between the proposed comb-line filter and 
the traditional one. 
 
 Firstly, an inter-stage microstrip transmission line s used between 
two resonators (stages) in the modified comb-line flt r to prevent the 
unwanted coupling between the neighboring two resonators. At the 
same time, the insertion of the short transmission line does not affect 
the active characteristics of the modified bandpass filter. 
Secondly, there are resonance circuits at both the input and output 
ports. In a traditional comb-line filter, the end shorted transmission 
lines used as input and output are equivalent to shunt inductors. A 
very small length of the input and output transmission line will lead to 
a very small inductance and therefore an extremely large impedance, 
and the input signal will not be able to flow at all. This has hindered 
the miniaturization of the traditional comb-line filter. Usually the 
length of transmission lines in the traditional comb-line filter is about 
/ 8λ . However, in the modified one, the problem is solved with the 
resonant structure used at both the input and output ports. At the same 
time, two more poles are added because of the added resonant circuits, 
which contribute to the sharp shirt characteristics of the modified 
com-line filter.  
Finally, the size of the modified comb-line filter can be extremely 









, whose potential has been 
neglected in traditional comb-line filters. For a given 0Z , the electrical 
length of the parallel coupled lines can be made very small, so long as 
we chooseZ Z0e 0o≈ . 
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Chapter 4 Fabrication and Measurement 
 
4.1 EM simulation using HFSS 
 
The theoretical values calculated through the deduc equations 
have been confirmed through ADS simulation. And thewidth and 
length of each transmission line can be obtained by ADS Line 
Calculation Tool. However, the ADS simulation and calculation are 
carried out in ideal cases, which have not taken into consideration 
many potential factors that may affect the performances of the filter. 
At the same time, two very sensitive composing pars of this filter, 
capacitors and the inter-stage connecting lines must be tudied as they 
will be proved to be very sensitive in this designed circuit. For the 
above reasons, we utilized an electromagnetic simulator Ansoft HFSS 
to simulate the designed filter before fabrication. O  the one hand we 
can get to know the different parts that affect the performances of the 
whole circuit, and on the other hand we can save both the fabrication 
cost and time. 
 
HFSS is the industry-standard software for S-parameter and 
full-wave SPICE extraction and for the electromagnetic simulation of 
high-frequency and high-speed components. The model of the 
proposed filter in HFSS is offered here in Fig.4.1. MIM capacitor is 
used as the model of lumped capacitors, because the xact equivalent 









Fig. 4.1 Model of the designed filter in HFSS with MIM 
capacitors being used. 
 
A bandpass filter working at 400 MHz was designed to confirm the 
theories in the above chapters. According to (2.9), the capacitor value 
is calculated to be 54 pF. However, in simulation, the use of 54 pF 
MIM capacitor has shifted the center frequency from the predicted 
400 MHz to 350 MHz, as illustrated in Fig.4.2. Here, by reducing the 
capacitor value to 45 pF, the center frequency of the designed filter 
can be moved back to 400 MHz. So capacitors of 45 pF should be 
used to achieve a proper center frequency, instead of the theoretical 45 
pF. As a rule of thumbs, the midband of the proposed modified 
bandpass filter increases as the capacitor value decreases, and vice 
versa. The dotted line given in Fig.4.2 is the result of using 36 pF 
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capacitors in the designed bandpass filter, which leads to a 450 MHz 
midband.    

















                             (a) 

















                            (b) 
Fig. 4.2 The relation between lumped capacitor value and center 
frequency of the bandpass filter: (a) insertion loss; (b) return loss. 
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In the following paragraphs, emphasis is laid on checking the 
functions of the inter-stage connecting transmission line, first the 
effect of width and then that of the length. First of all, we try several 
kinds of inter-stage connecting lines with the same length but different 
widths, With others being the same, different width in the inter-stage 
connecting line will affect the insertion loss of the filter, as shown in 
Fig. 4.3. Also, the center frequency may deviate a little from the 400 
MHz by a few percent as a result of the different widths. In Fig.4.3, 
we give the simulated results of HFSS, with the width of the 
inter-stage connecting line being 1.7 mm, 4.0 mm, and 5.0mm. When 
a width of 4.0 mm is used, the filter shows the best performances in 
that of both the insertion loss and center frequency. Therefore, the 
width of the inter-stage connecting line will be fixed at 4.0 mm in the 
following simulation work where the length of the connecting line is 
changed.   


















Fig. 4.3 The insertion loss performances according to three kinds of 
inter-stage connecting lines with different widths. 
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The next step is to change the length of the inter-stage connecting 
line until a proper length value that optimizes theperformances of the 
bandpass filter is found. Since this filter has been focusing on a 
miniaturized size, the inter-stage transmission line between two stages 
should also made be as small as possible. Therefore, we start our 
simulation from a length of 1 mm, but the 21S  performance has been 
surprisingly bad with the inter-stage connecting line being 1 mm. 
When the length is increased, 21S  gets better. Fig.4.4. lists the 
insertion loss performances according to HFSS simulation, where the 
length of the inter-stage connection line has been made from 1 mm to 
6mm. From the figure, it is easy to find that in this bandpass filter the 
middle connecting transmission line must be longer than 2 mm for a 
good insertion loss. Here 5 mm is used, at which both the center 
frequency and insertion has turned to be satisfactory. Longer lengths 
will result in a large circuit area and yet not tried in this work. 
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                    (b) 
Fig. 4.4 The insertion loss performances according to different 
lengths in the inter-stage connecting transmission line.
 
HFSS simulation is necessary in our work before fabric tion is 
carried out. In the above discussed 400 MHZ bandpass filter we 
employ HFSS to find the proper capacitor value, the optimum length 
and width of the inter-stage connecting line. To design a different 
bandpass filter of this type that working at a different midband or with  








4.2 Fabrication and Measurement 
Now each design parameter of this 400 MHz bandpass filter has 
been calculated and optimized in the above section. Here it is 
summarized in Table 4.1. The layout of the filter used in fabrication 
that was drawn through Microsoft Visio is given here in Fig.4.5 (a), 
with the size of the circuit area being 18 mm by 9 mm. A comparison 
of the sizes of different types of compact filters is made here, as 
illustrated in Table 4.2. A photograph of the fabricated filter is 
available in Fig.4.5 (b). 
 
Table 4.1 Design parameters of the fabricated circuits 
 
Parameters Value (unit) 
Thickness of PCB 0.762 mm 
Dielectric constant of PCB 3.5 
Midband 400 MHz 
Electrical length of Coupled lines 7 degree 
Length of coupled lines 9.0 mm 
Slot of coupled lines 0.7 mm 
Width of each coupled lines 1.1 mm 
0oZ  70 Ohm 
0eZ  52 Ohm 
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Width of Connecting line 4 mm 
Length of connecting line 5 mm 
Lumped capacitor value 45 pF 




                  
                          (b) 
Fig 4.5 The layout (a) and photo (b) of the designed two-stage 
bandpass filter centered at 400 MHz. 
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Table 4.2 Comparison of the sizes of different compact bandpass 


















10.8 85 16*6.5 
SIR Makimoto 1000 2.6 141 71*5.5 
Ceramic 
Combline 
Huiwen Yao 915 38.2 45 3.0*3.0 
Proposed In-ho Kang 400 3.56 7 9*2.9 
   E.L.: The electrical length of a resonator in degree. 
   Er:  The dielectric of the PCB used for fabrication. 
 
The measurement of the fabricated filter was done with the HP 
network analyzer. Fig.4.6 compares HFSS simulated rsults and 
measured results. And some detailed performances of the bandpass 
filter are offered in Table 4.3. The measured center fr quency is 
shifted from 400 MHz to the left by 15 MHz due to the difference 
between MIM and lumped capacitors. Although HFSS has been 
employed to find the proper capacitor value in the pr vious work, it is 
MIM capacitor that was used in the HFSS model used for simulation. 
Capacitance of the lumped capacitor available in the lab is a little 
different from that of the MIM capacitor, leading to a deviated center 
frequency. The spurious passband has been well suppressed and not 
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observed even up to 10 GHz, as shown in Fig.4.7. Please refer to 
chapter 1 for the reason of the very wide upper stopband. 
 
Table 4.3 Characteristics of the Fabricated Bandpass Filter. 
  
Midband (MHZ) 385 
Pass band (MHZ) 360 to 410 
Insertion Loss (dB) -3.1 at 0f  
Attenuation (dB) -57 at  2 0f ,  -55 at  3 0f  
Ripple  0.9 dB 
Port Impedance 50 Ohm 
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                           (c) 
Fig.4.6 Comparison of simulated and measured results: (a) Insertion 




























Fig. 4.7 A broadband performance of the bandpass filter to show the 

















Chapter 5 Conclusion  
 
In this thesis, a novel comb-line filter is successfully developed 
using coupled line structure. Compared with the tradi ional comb-line 
filter, the proposed filter takes up a much smaller circuit area. This is 
because the electrical length of the coupled lines that determines the 
size of comb-line filters can be reduced to just a few degrees, with the 
help of lumped capacitors. The suppression of the spurious passband 
is another advantage of the modified comb-line filter. The spurious 
passband was not observed up to 10 GHz. Measured results of the 
fabricated 400MHz filter matched very well with the simulated 
performances, which verified the validity of the size-reduction method. 
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